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Design of Contact Lights for Aerodrome 
Runways 
By H. J. TURNER, B.Sc., A.M.LE.E. (Fellow) 


Summary 


An account is given of methods of calculating the light distri- 
bution required from aerodrome runway contact lights with 
particular reference to foggy weather. The limitations on intensity 
and light distribution imposed by mechanical and electrical 
conditions and the relative merits of flush-mounted and elevated 
lights are discussed. Consideration is given to the light distribu- 
tion in directions other than those from which the lights are seen 
during approach and landing. 


(1) Assumptions 
(1.1) Factors to be Considered 
In deciding the form of the light distribution required from a contact light, 
three principal factors must be taken into account :— 

(i) The “ geometry ” of the runway and approach way, i.e., the dimen- 
sions of the runway, the position of the fittings on it and the manner of 
approach of the aircraft. Under this heading various assumptions will 
be made which are in accord with present-day practice. Not all aircraft, 
of course, use the same method of approach, but aerodromes in general 
have to cater for all types of aircraft and so eventually some compromise 
[suitable to all] will have to be decided. 

(ii) The state of the weather, i.e., the visual range and the brightness 
of the background against which the lights will be seen, from which can be 
derived the minimum intensity of signal which can be seen under flying 
conditions. 

(iii) The practical limits of intensity and light distribution which can 
be obtained from the fitting. These factors are determined mainly by 
mechanical requirements and the economics of cabling and electric supply. 
Mechanical requirements include the important question of whether the 

lighting fittings are mounted “flush” with the runway surface, i.e., having 
a projection of not more than one or two inches, or whether they are of the 
“elevated” type mounted on a pedestal two or three ft. high. The relative 
merits of these two forms are discussed in more detail in section 4, and it will 
be sufficient to state here that the flush type may be placed anywhere on the 
paved surface, but, because of their restricted size, their light output is limited. 
The elevated types have no mechanical restriction on light output, but they 
must be positioned off the paved runway. Calvert(1°) states that with adequate 
approach lighting arrangements the intensities obtainable from _flush- 
mounted lights should be sufficient. He admits at the same time that this 
view is at variance with American opinion which favours the use of high 
intensities obtainable only from elevated lights. In some areas the weather 
may be a deciding factor; for example where the runway is snow covered for 
long periods the use of elevated fittings may be the only solution if a permanent 
installation is required. The calculations which follow are based on the 
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intensities and layout obtainable with flush fittings, but the methods used apply 
equally to the elevated type. 


The three factors will now be discussed in more detail. 


(1.2) The Geometry of the Runway and Approach 


For the purpose of calculation the following assumptions have been made 


(see also Fig. 1):— 


(a) That the runway is not less than 150 ft. wide, that the spacing 
between lines of contact lights is 150 ft.(1- 2), and that the distance between 
individual fittings is 100 ft. 

(b) That the aircraft is approaching on an angle of glide of 3 deg, 
and the touch-down point of this path intersects the centre line of the 
runway at a point 1,000 ft. from the threshold. 

(c) That the aircraft is at a height of 100 ft. when the pilot first needs 
to see the contact lights. At least three lights on either side must be 
visible to give the pilot the “line” of the runway and to permit him to 
keep level. 

A preliminary consideration of the light output and intensities likely 
to be obtained in practice, the limiting visibility conditions and the pilot's 
view of the pattern of lights during the approach leads to the conclusions 
that in limiting visibility the lights cannot be visible above a height of 
100 ft. The diagram of Fig. 4 shows that for a 3 deg. approach the aircraft 
will be 900 ft. from the threshold when it is at a height of 100 ft. In this 
position the pilot will still be guided by a high intensity approach lighting 
pattern, so that during these last stages of descent (equivalent to about 
nine seconds’ flying time at 120 m.p.h.) the lighting pattern will change 
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Fig. 1. Position of aircraft with respect to runway. 
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DESIGN OF CONTACT LIGHTS FOR AERODROME RUNWAYS 


from one formed by the approach lights to one given by the contact lights. 
Calvert(1°) has suggested an approach lighting pattern formed of a single 
centre line of lights (along an extension of the centre-line of the runway) 
with horizontal cross bars at right angles. He suggests further that the 
centre line could with advantage be continued along the runway itself to 
aid the transition from the approach lighting pattern to the runway 
lighting pattern. 

(d) That at a height of 100 ft. the maximum lateral error in the position 
of the aircraft is 75 ft. to either side—i.e., that the pilot’s view will be from 
a point somewhere between vertical planes through the two lines of fittings. 

(e) That vertical “ errors ” in the position of the aircraft are not allowed 
for in the same way as horizontal deviations. This does not mean, however, 
that they are ignored or that the aircraft must be exactly in a plane through 
the ideal glide path for the lights to be visible. In limiting visibility 
there is a natural tendency for the pilot to “hold off.” If he does this to 
such an extent in the early stages of approach that he does not see the 
approach lighting, it is unlikely that he will ever see the contact lights 
because, as stated before, these will probably not be visible above a height 
of 100 ft. If, however, the aircraft comes within range of the approach 
lighting and is duly guided along the approach, the “hold off” will take 
the form of overshooting the glide path somewhat and coming down a 
parallel path a little distance ahead. For this reason it is necessary to 
assume that the light distribution from all the fittings along the runway 
is to be the same so that the same appearance will be presented wherever 
the aircraft comes in; this takes into account what are, in effect, vertical 
deviations above the ideal glide path. 

(f) That lights which are at angles below 20 deg. depression from the 
aircraft are either cut off from view by the cockpit or their angular move- 
ment is so rapid that they do not form an effective part of the pattern 
which guides the pilot. 

(1.3) Visibility Conditions 

In clear weather it is relatively easy to provide lights of adequate 
conspicuity. When it is foggy the problem is much more difficult. 

Meteorological visibility is defined internationally in terms of daylight 
visual range(*) which is defined as the distance at which a large, dark object 
seen against the horizon sky is just visible. 

The daylight visual ranges, which are internationally used for observa- 
tion and recording, are given in Table 1. 

It can be shown from Koschmieder’s law(4) that at this range the trans- 
mission to light of the air between the observer and the object is 2 per cent. 
This definition of visual range is not applicable to night conditions, nor does it 
apply to the visibility of light sources. These may have a high intrinsic brightness, 
and even when the atmospheric transmission is reduced to less than 2 per cent. 
may still be visible against their background(5); consequently lights may, on 
occasion, be seen at distances greater than the daylight visual range. There is at 
present no agreed method of defining the visual range of light sources, and it is 
necessary to define the state of the atmosphere at night by referring to the 
equivalent daylight visual range. A given value of daylight visual range, 
together with Allard’s law (see section 2), and Koschmieder’s relation, make it 
possible to determine what candle-power is needed in a light source to produce 
a given illumination on the observer’s eye. 

The perception of a signal light, which appears as a point, is determined 
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Table 1. 
Daylight Visual Ranges. 
Description | Object just visible at 
Dense fog ee is on af 25 metres 27 yds. 

do. sm ee is ae 50 —stéi,, 55 _,, 

Thick fog ies a — os 100 o 110 _,, 

do. ee ee is fers nea 220 _,, 

Moderate fog... bia nie bee 500 ts §50 ,, 

| Mist, haze or very poor visibility sae 1,000 “a 1,100 ,, 

ewig 2,000, 2,200 ,, 
| Moderate visibility poe pie Fok 4,000 + 2} miles 
o = eee ies nee 7,000 ‘s 41 miles 
Good we bis a is 10,000 BS 6} miles 
Very good A be ae ae 20,000 4 12} miles 
Se R. a ee et 30,000 ss, 18% miles 
Excellent visibility ik bei Pe 50,000 M 31 miles 








by the illumination which it produces at the eye; and many workers have 
quoted values for the lower practical limit under various conditions. Green 
gives the curve of Fig. 2, relating the limiting eye illumination to the background 
brightness, for a steady light just sufficiently visible as \a signal when seen 
foveally. Stiles, Bennett and Green state that background brightnesses less 
than 10.3 c./ft.2 have no significant effect upon the limiting eye illumination 
for practical signals seen by foveal vision, and it will be seen from the curve that 
the effect is small up to 0.01 c./ft.2. 

Stiles, Bennett and Green also give typical values of background brightness, 
which are reproduced in Table 2. 


Table 2. 
Typical Values of Background Brightness. 








Approximate Brightness 








Background (Candles/sq. foot) 
Starlit sky wih sats! ede coeeiiiheert! om Ecsll 5 x 10° 
Moonlit sky oe ae: ci mos ye i sas | 2x 10° 
Full moonlight on snow isa ~ oes ake cel 7x 10° 
Ocean, towns, woods ... ie oe ae =f a" 60 
| Fieldsand ploughed land «gw kee tee | 130 
Dry sand se sé oe bse nt zi id 250 
Fog surface or snow... shes sb we chk WSa5] 1,300 
Daylight fog... Bre: 7 ved ai a eek 300* 














* There oo to be no agreed value of background brightness for daylight fogs: this 
figure is used y the Royal Aircraft Establishment in similar calculations. However, Kevern(11) 
gives a value of 10 candles per square foot. 


The brightest background likely to be experienced at night is full moon- 
light on snow, which has a very small effect upon the limiting eye illumination. 
The value often taken for design purposes for a dark night is 0.5 mile-candle, 
which clearly allows a reasonable factor of safety for conditions at night. 
(See Fig. 2.) 

Most of the experimental determinations(®) have been made with the 
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DESIGN OF CONTACT LIGHTS FOR AERODROME RUNWAYS 


object of investigating the visual range 
of beacon signals. Under these condi- 
tions the pilot, although expecting to 
see the signal, has been regarded as 
having to scan a fairly wide angular : 
field. When approaching a runway, . 
the aircraft should be guided to a j 
position close to the correct track by 
approach radio and lighting aids. 
The pilot should not, therefore, need 
to scan a wide field; he will instinc- 
tively look in the direction from } ee. are see beet 
which the contact lights will appear. Fig. 2. Relation between eye illumination 
It j ible then that a lower value and background brightness for a just adequate 
1s possibie tne a ‘ signal. (Steady point source : Foveal vision.) 
than the generally accepted practical 
limit of 0.5 mile-candle could safely be taken, but this remains to be proved, 
and 0.5 mile-candle is used for the present calculations. - 





(1.4) Practical Limits of Intensity from Fittings 


British practice is to use fittings which are set “flush” with the surface of 
the runway. The requirement(1) is that the fitting shall not stand more than 
2.5 in. above the paved surface. Furthermore, the shape must be such that there 
is no possibility of damage to the tyres of an aircraft; the fitting must be 
mechanically strong enough to withstand the weight of an aircraft, and it must 
be watertight. A large number of British aerodromes, before and during the 
war, were equipped with flush type contact lights, each operated from isolating 
transformers on a high voltage ring main carrying 6.6 amperes. The series 
burning lamps which were used, consumed about 40 watts. This large amount 
of existing electrical equipment has naturally influenced new designs of contact 
light, and some immediate post-war designs have been based on a standard 
6-volt 36-watt. car headlamp. Experience has indicated that with this lamp 
the maximum intensity obtainable from a flush-mounted contact light designed 
to meet these requirements is between 5,000 and 10,000 candles. 


Summarising the foregoing, the basis of calculation is as follows:— 
The “geometry ” is shown in Fig. 1. 


The “starting point” for the aircraft is when it is 100 feet high on a 
3 deg. glide path. 


The maximum intensity obtainable from the light is between 5,000 and 
10,000 candles. 


(2) Calculation of Light Distribution 
The illumination E (mile-candles) due to a source of intensity I (candles) 
distant d (miles) in an atmosphere whose transmission is T per mile is 
= = T* (Allard’s law) 


E = 0.5 mile-candles is taken as the eye illumination at which a light source 
can just be seen clearly. The weather condition is defined by the relation 
TY’ = 0.02 when V is the daylight visual range in miles as defined previously. 

Fig. 3 gives the relation between I and d (expressed in feet) for E = 0.5 
mile-candles for two values of V in the relation TY = 0.02 corresponding to 
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weather conditions in the “fog” region. Curve 1 is for V = 110 yards, and it 
can be seen that: 


a light of 10 candles would be visible at about 620 ft. 


” ” ” 100 ” ” ” ” ” ” 775 » 
” ” ” 1,000 ” ” ” ” ” ” 930 ” 
» « eee hn » .» _1,100,, 


so that an increase of a thousandfold in intensity has resulted in an increase 
by a factor of 1.8 in the distance at which the light would be visible. 
Curve 2 is for V = 220 yards from which it can be seen that: 
a light of 10 candles would be visible at about 1,040 ft. 


” ” ” 100 ” ” ” ” ” ” 1,350 ” 
” ” ” 1 ,000 ” ” ” ” ” ” 1 670 ” 
” , 10, 000 ” ” ” ” ” 2,000 ” 


A thousandfold increase in intensity gives an increase in the range by 
a factor of 1.9. 

Fig. 4 shows the distances of fittings along the runway from an aircraft 
on a 3 deg. glide path. For an aircraft at the limiting height of 100 ft. its 
distance from the third fitting is approximately 1,100 ft. From the figures 
above, the necessary intensity from the third fitting in order that it may be 
easily visible on a dark night is: 

about 10,000 candles when the weather is equivalent to D.V.R* 110 yards 

10 " as " é 220 Co, 

Both of these visibility ranges are described as “thick fog” and for normal 
meteorological purposes it is not necessary to distinguish between them. In 
fact, variations in fog density of the same order may occur in practice over the 


{ 








4s 


Fig. 3 (left). Relation between distance and 
intensity necessary to give eye illumination of 
0.5 mile-candles. 


STOGITY CHOLES FOR EYE CUAMUTION 0-5 Mt OVELE 


Fig. 4 (above). Path 5% aircraft approaching 
* at ‘ 

length of the approach path and runway. It appears, therefore, that although 
it is possible to state a meteorological daylight visual range below which a given 
lighting arrangement will not serve, this range will be critical to variations 
of a few yards, and it is not practicable to take account of such small variations. 
To compute the shape of the light distribution required it is, however, necessary 
to make this assumption. 

. From the foregoing and from Fig. 3 it is possible to state the minimum 
candle-power required from each fitting to produce the minimum (0.5 mile- 
candle) eye illumination, the position of the aircraft and the atmospheric 
condition being given. Table 3 gives: a list of candle-power values for atmo- 


~*Daylight Visibility Range. 
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spheric condition equivalent to a daylight visual range of 110 yards. The angles 
of elevation and azimuth are the angles E and A shown in Fig. 1. The distances 
used for calculation are the horizontal distances read from Fig. 4. These 
are slightly less than the true, slant, distances from the aircraft to the fittings, 
but the errors involved are small. For example, at an angle of elevation of 
20 deg. the horizontal distance is 16 per cent. less than the true distance, but 
the intensity required at this angle is less than 10 candles. At E = 5 deg., where 
the intensity is critical, the error in calculating distance is only about 1 per cent. 
The nearest light to the threshold as shown in Fig. 4 is numbered 1 in the 
table, and the other lights on the runway (at 100 ft. spacing) are numbered 2, 3, 
etc. The angles at which these lights are seen by a pilot at 100 ft. height on 
a 3 deg. glide path are now defined; but if the pilot were descending on a 3 deg. 
glide path terminating beyond the normal touch-down point (which is 1,000 ft. 
from the threshold) the lights would be seen at different angles. This may be 
studied conveniently by imagining lights ranging backwards from the threshold 
as seen by a pilot on the normal glide path, and in Table 3 these lights are 
referred to as -l, -2, -3. 


Table 3. 


Atmospheric conditions—daylight visual range 110 yards. Position of 
aircraft—10o feet high and anywhere between the lines of light. 











| 
= Angle of | Angles of | Intensity (candles) 
Fitting Elevation (E) Azimuth (A) | for 0.5 mile candle 
3 | 5.17 deg. 0 deg. to 7.73 deg. 11,000 
2 | 5.7 deg. 0 deg. ,, 8.5 deg. 2,800 
1 | 6.3 deg. | 0 deg. ,, 9.4 deg. 680 
—l 7.08 deg. 0 deg. ,, 10 deg. 160 | 
—2 8.07 deg. | 0 deg. ,, 12 deg. 37 | 
—3 9.4 deg. 0 deg. ,, 13 deg. 8 











The figures of Table 3 represent the light distribution from any contact 
light and by plotting candlepower against angle of elevation it is possible to 
interpolate for candlepower values in round figures (10,000, 3,000, 1,000, etc.). 
These have been plotted in Fig. 5 (a) which represents the ideal isocandle 
distribution for fittings designed to meet this particular set of conditions. 

Similar diagrams may be calculated for aircraft heights 80, 60, 40 and 
20 ft. and these are shown adjacent in Fig. 5 (b), (c), (d) and (e). 

If it is assumed that the descending aircraft has no lateral error, i.e., it 
is always over the centre line of the runway, the horizontal lines of Fig. 5 
(a) — (e) shrink to single points. These are shown in Fig. 5 (f) — (j). If 
the possible lateral error is assumed to be reduced with height, for example, 
from a maximum of 75 ft. at height 100 ft. to zero at height 20 ft.,* the set of 
diagrams Fig. 5 (k) — (0) can be drawn. It is not implied that a large aircraft 
could be corrected by such an amount in the course of the last 70 to 80 ft. of 
its descent. 

Fig. 6 shows perspective views of the fittings on the runway as seen from 
heights 100, 60 and 20 ft. with the aircraft 75 ft. off the centre line approach, 
over the centre line and a distance off the centre line proportional to the 
height (75 ft. at 100 ft. and 0 ft. at 20 ft.). 

Fig. 7 shows light distribution curves taken in vertical planes through the 
diagrams of Fig. 5. 

From Figs. 5, 6, and 7 some important deductions can be made. 


* The pilot’s eye may be 20-30 ft. above the runway when the aircraft is taxi-ing, but 
these figures form a usefu! basis for calculation. 
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Fig, 6. Perspective 
views of lines of lights 
seen from various 
heights. (Perspective 


distance 34 inches.) 


The beam divergences of Fig. 7 (that is, in the vertical plane) measured to 
one-tenth of the maximum intensity are:— 


A 


Vol. XIV, 


“ practical 


No. 1, 1949 


0.9 deg. approximately for height 100 ft. 
80 


0.8 deg. ” ” ” ” 
0.6 deg. ” ” ” 60 ” 
0.35 deg. . ‘ PF 40 ,, 
0.2 deg. i 20 


” 


fitting for runways would have a 


light distribution 


9 





H. J. TURNER 





symmetrical about the angle at HEGHT OF AIRCRAFT. FEET 
which 10,000 candles occurs. Its + 
divergence would, therefore, be 
approximately double the figures 
given above and in any case it is 
doubtful whether the distribution 
could be made to match these very 
critical curves. 

The limiting case is represented 
by the diagrams (a) and (k) of 
Fig. 5 and the 100 ft. curve of Fig. 7. 
The angle in elevation at which the 
direction of maximum intensity of 
the fitting must be set is deter- 
mined by :— 

the height of the aircraft, 
the weather conditions, 
the value of the maximum intensity. 

For the conditions described and with an available maximum intensity 
between 5,000 and 10,000 candles, this angle is between 5 deg. and 6 deg. above 
the horizontal. 

If the aircraft could be guaranteed to be on the glide path shown in Fig. 4, 
the peak angles of the first three fittings could be set as indicated in Fig. 7 
and those of the further fittings stepped downwards in turn, or alternatively 
the peak intensity would be reduced progressively. This is impracticable since 
it would not cover the contingency of errors in height (which amount to over- 
shooting the glide path) and it would complicate maintenance. If, however, 
it is possible for the fitting to jhave an appreciable vertical divergence at 
maximum intensity the beam should extend below an angle between 5 and 
6 deg. so that as the aircraft descends, the number of lights visible on each side 
will increase rapidly, thereby helping to give the necessary sense of direction. 
The perspective view at height 20 ft., shown in Fig. 6, indicates that the two 
lines are, in fact, not far below the horizon, which itself will not be visible; 
it will therefore in any case be difficult to make a judgment of direction when 
taxi-ing at speed just after touchdown. 

The light distribution from a high intensity contact light must be designed 
to meet some limiting visibility condition, and the distribution diagram of Fig. 
5a is an example of the theoretical requirement to meet one given set of con- 
ditions. Assuming that the distribution of all the fittings is to be the same 
it is not, even theoretically, possible to achieve a uniform appearance of all 
the lights visible as the aircraft descends. 

The calculation has been made on the assumption that it is dark, with a 
weather condition equivalent to a daylight visual range of 110 yards. If the 
lights are to be seen in a daylight fog giving a background brightness of 300 
candles per square foot then from Fig. 2 an eye illumination of about 400 mile 
candles would be needed to make the lights just visible. Assuming the same 
maximum available candlepower and the same viewing distance it is found 
that the greatest fog density in which the lights can be seen is that equivalent 
to a daylight visual range of about 270 yards. 

The design of runway lights is based primarily on the landing procedure, 
but if the light distribution is suitable for landing it will also be suitable for 
the initial stages of take-off. The extent to which the lights can be of assistance 
after the initial stage obviously depends on the length of the runway and the 
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Fig. 7. Calculated light distributions in a vertical 
plane for runway contact light. (Weather condition 
equivalent to daylight visual range of 110 yds.) 
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DESIGN OF CONTACT LIGHTS FOR AERODROME RUNWAYS 


distance travelled before the craft is airborne. The view of the pilot will 
probably be somewhat more restricted because the aircraft is in a climbing 
attitude and as the height increases the runway lights, even if visible, will be 
progressively less useful in giving a horizon. In the later stages of take-off, 
therefore, guidance will have to come from other lights or from instruments. 


(3) Practical Contact Light 


The mechanical and electrical limitations on present designs of contact 
light fittings were discussed in section (1.6) by way of explanation of the use 
of an upper limit of 5,000—10,000 candles for the purposes of calculation. The 
maximum intensity obtainable, rather than the distribution, is in fact the 
deciding factor; the main object is to ensure that a few lights at least will be 
visible in fog as dense as possible. A contact light is, therefore, in the class 
of projectors; and its peculiar mechanical features involve a low light output 
ratio in the main beams. Given limited beam lumens and a requirement for 
a high maximum candle-power, the light distribution is a matter for com- 
promise; and the best result can only be determined by experiment. 

Fig. 5 and the assumption behind it indicates that the region of maximum 
intensity should be spread over a horizontal fan about 8 deg. wide, to take 
account of lateral errors in position, and that, given this width, any “spare” 
flux in the peak intensity region should be devoted to increasing the 
divergence downwards. This will mean that.even if the pilot sees at first 
only one or two lights on either side he will be reassured a few seconds later 
by seeing more as he descends a few feet. In this argument the emphasis 
has been placed on the lateral error—if the aircraft is far off the centre line 
the pilot may not see the lights at all unless a reasonably wide horizontal beam 
divergence is provided. 

An alternative argument is that by the time the aircraft has descended to 
100 ft. the approach aids will have centred the aircraft to within much closer 
limits than plus or minus 75 ft. In this event the “spare” light flux in the 
peak intensity region may be used for obtaining a wider vertical beam 
divergence both below and above the optimum angle. The former is valuable 
for the reason given earlier, the latter because a high intensity at higher 
angles of elevation may enable a pilot to see lights under even worse fog condi- 
tions. The resultant beam would thus approximate to a vertical fan rather 
than a horizontal one. 

It is argued that a wide horizontal beam will cause glare when the aircraft 
is close to the ground. This is obviously academically true; but it does not 
seem likely that the effects will be such as to upset the pilot’s judgment while 
carrying out the actual touch-down procedure. This procedure admittedly 
calls for skill and cool nerves in manoeuvring the aircraft, but as a visual task 
the operation is simple. It is certain that if a wide angle beam is desirable 
for the earlier stages of the approach some glare is inevitable when the aircraft 
is running along the ground, and this may still be serious even if the power 
in the light is controlled by a dimmer. 

Fig. 8 illustrates one recent design of fitting. It is formed of a square 
cast-iron base in which is housed the principal optical component. This is a 
spun aluminium paraboloidal reflector, with its axis vertical, having a 6-volt, 
36-watt headlamp whose axial (line) filament is at the focus of the reflector. 
The vertical beam formed is intercepted by two cylindrical reflectors mounted 
on the cast-iron lid of the fitting. This lid is supported on four lugs upstanding 
from the main casting. The aperture between the upper and lower castings 
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Fig. 8. Design of flush 
mounted runway contact 
light. 





is closed by a glass ring which, when the lid is clamped down, is compressed 
between rubber gaskets so that the fitting is rendered watertight. 

The mounting of the upper reflectors on the underside of the cast-iron 
lid is so arranged that the beam may be adjusted both in elevation and in 
azimuth. The elevation is adjusted at the works. The light distribution, which 
is shown in Fig. 9, is a compromise between the theoretical requirements of 
Fig. 5 (a)—(e) and (f)—(j). 

Since the light distribution is critical the lights must be mounted accurately 
on the runway or the value of the accurate optical components and their 
precise assembly will be wasted. 


(4) Flush and Elevated Types of Contact Light Fitting 


Fittings developed in America during the last few years take the form of 
pressed prismatic glasses mounted on a stem some 3 feet above the ground 
and placed along the edges of the paved runway. This type of equipment, 
using lamps of as much as 300 watts, was used in this country by the American 
Forces during the war, but has never found favour with the British authorities. 

The principal advantages of such large fittings as this are: — 

(a) The lamp wattage is less limited than in the flush lights of reason- 
able size. 

(b) There is freedom of optical design which can give precise control 
of the form of the light distribution. 

(c) Intensities of the order of a 100,000 candles may be obtained. 

(d) They may be arranged to stand high enough to be clear of snow. 

(e) The equipment needs to be less strong than when flush mounted, and 
it is simpler to make it watertight. 

The disadvantages are:— 

(a) That they represent an obstruction to landing or taxi-ing aircraft— 
this is the principal ground of objection in this country. 
(b) Because they are an obstruction the fittings must be placed off the 
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DESIGN OF CONTACT LIGHTS FOR AERODROME RUNWAYS 


paved runway and, as a result, the pattern of the lights will vary with the 
width of the paving. Suppose, for example, that on one aerodrome the lights 
in each line were spaced at 100 ft. on a runway 150 ft. wide, and on another 
they were spaced at 200 ft. on a runway 300 ft. wide. Then the appearance of 
the pattern in the one runway from 50 ft.high would be the same asthe appear- 
ance on the other from 100 ft. If conditions were such that only the runway 
lights were visible the pilot’s visual judgment of height might be in error 
unless he could remember which arrangement of lights was installed at the 
aerodrome where he was landing. It is, therefore, regarded as important 
that this pattern should be identical for all aerodromes, and attempts are 
being made to achieve international agreement. 

(c) The line of fittings must be broken at runway or taxi-way inter- 
sections. On an aerodrome where the runways are 300 ft. wide the gap 
resulting may be as much as 800 ft. or 900 ft., and if there is a group of taxi- 
ways leading off the runway to a parking area the line may be broken 
irregularly at many points. 

In countries where heavy snowfall occurs frequently it is the practice to 
to compact the snow and use it as a landing surface. In these circumstances 
the only solution,if a permanent installation is required,is to use elevated fittings. 
An alternative is to use a portable type (such as the Type 6 flarepath unit(9)), 
but these do not give the high intensities required for heavy fog. 

It has still to be proved whether very high intensities, i.e., up to 100,000 candles 
are necessary. The figures given earlier show that in thick fog the increase 
of intensity thas to be very large, for even a small increase in range. 

From Fig. 3 it may be shown that an increase from 10,000 to 100,000 candles 
would increase the visibility range of the lights by 150 ft., when the daylight 
visibility range is 110 yards; that is it would increase the number of lights 
visible in each row by one only. 

Obviously there is some economic limit determined by the chance of such 
fog occurring, and the economics of power supply and cabling. Furthermore, 
there is a limiting range beyond which the contact lights need not be seen. A 
great deal of development work 
on approach lighting systems is 
being carried out both in Eng- 
land(1°) and in America(11, 12, 15), 
and when this work is completed 
it should be possible to determine 
the limiting range necessary for 
contact light fittings. 


(5) Light Distribution at Angles = 
other than the Direction of Landing § 
s 
g 


There has been much dis- 
cussion about the light distribu- 
tion in directions other than those 
from which the contact light is 
seen during approach and landing. 
The principal object is to enable 
the pilot to see the lie of the 
runway when making a circuit a 
and, presumably, if the flying Fig. 9. Light distribution of a flush mounted 
of circuits prior to landing contact light. 
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were discontinued, there would be no object in runway fittings emitting light 
in other directions. Assuming, however, that circuits are flown the matter may 
be discussed under three headings:— 

(a) In heavy fog; (b) in clear weather; (c) in conditions intermediate 
between (a) and (b). 

In heavy fog it is evident from the previous sections that there is no possi- 
bility of the lights being visible from any other than the direction of approach. 

In clear weather there is no difficulty in providing the necessary light 
intensity—some 10-20 candles are adequate. It is not certain, however, that a 
fitting adapted for (a) will serve both purposes. All installations of high 
intensity contact light will’ be provided with dimmers to adjust the intensity 
to suit the prevailing weather. As the lights are dimmed they will become 
redder: this imposes a limit on the permissible dimming, and it is possible that 
in clear weather the lights will still be glaring when this limit is reached. 
Assuming the mechanical and electrical limitations discussed previously a 
high-intensity fitting can be made to meet “all round” requirements only by 
sacrificing its performance in fog. 

For clear weather then, one solution is to use a separate low-intensity 
fitting with a 360-deg. distribution of light. 

A low-intensity fitting with a 360-deg. distribution could be made to serve 
in conditions intermediate between clear and thick fog. As an example, if the 
daylight visual range is 1,100 yards (‘mist or haze”), lights of intensity 30-44 
candles would be easily visible from the approach, but on a circuit of radius one 
mile the intensity needed for them to be just visible (ie., at eye illumination 
0.5 mile-candle) would be 260 candles. Apparently, then, the runway lights 
should have their maximum intensity in a direction at right angles to the run- 
way. In other words, their main function is no longer in connection with 
approach and touch down, but as a navigational aid when flying a circuit. 

It would be better to restrict runway lights with all their associated 
mechanical and electrical problems to the function of take-off, approach and 
touch down. If it is required to show the lie of the runway from all directions 
two lines of, say, six lights designed for the purpose should be placed parallel 
with, out off, the paving. In this position they would be relatively easy to 
install, supply and maintain. It is not certain that this form of markings is 
essential. It has often been argued as necessary, but the argument may have 
been based on experience of aerodromes where there was little or no other 
lighting in the form of approach lights and identification beacon. As aerodromes 
become more fully equipped it will probably be found that these will serve the 
purpose. 
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